Background: A histological, tumour-free surgical margin does not guarantee recurrence-free survival in patients with cancer. This study investigated the association between microsatellite alteration in tumour-free surgical margins and local recurrence in patients with oral cavity squamous cell carcinoma.
Introduction
Adequacy of the resection margin is one of the most important issues in the field of surgical oncology 1 . Incomplete excision of a malignant tumour increases the risk of local recurrence, including pancreatic 2 , gastric 3 and breast cancer 4 . Local relapse also remains the most common failure pattern after treatment of oral cavity squamous cell carcinoma (OCSCC) 5 . A previous large study 6 indicated that more than half of the failures that occurred after definite treatment of head and neck cancer were recurrence at the primary site (65 per cent). In patients diagnosed with early-stage oral cavity cancer, there was still a locoregional recurrence rate of 11⋅5 per cent after radical excision with free surgical margins 7 . Genetic analysis of surgical margins was first introduced by Brennan and colleagues 8 in 1995. Existence of the p53 gene mutation in the negative margin (using light microscopy) was associated with local recurrence in patients with head and neck squamous cell carcinoma (SCC) who had undergone surgical resection 8 . In patients with tongue cancer, surgical margins with promoter hypermethylation of the p16 gene were associated with an increased risk of local recurrence 9 .
A microsatellite is a tract of repetitive DNA, which is vulnerable to erroneous repetition during DNA replication 10, 11 . Two types of microsatellite alteration are frequently discussed in the field of oncology: microsatellite instability (MSI) and loss of heterozygosity (LOH). Tetranucleotide MSI in a tumour-free surgical margin may predict local recurrence after treatment in patients with head and neck SCC 12 . Few studies have evaluated surgical margins with microsatellite alteration in patients with OCSCC from an endemic betel quid-chewing region. In the present study, the association between microsatellite alteration in surgical margins and local recurrence of OCSCC after comprehensive treatment was assessed.
Methods
This prospective study was conducted in Taichung Veterans General Hospital (TCVGH), a tertiary referral medical centre in central Taiwan. The protocol was reviewed and approved by the Institutional Review Board of TCVGH. All procedures were in accordance with the ethical standards of the institutional and/or national research committee, and with the 1964 Helsinki declaration. All participants signed an informed consent form and fully understood the complete protocol before recruitment. Starting in April 2012, patients with newly diagnosed oral cavity cancer were considered for enrolment in the study. Demographic and relevant clinical data were collected for each patient. One pack-year was defined as 20 cigarettes (1 pack) per day for 1 year, whereas 1 quid-year was equivalent to chewing one betel quid per day for 1 year. Patients who drank an alcoholic beverage every day were deemed to be heavy drinkers, whereas those who had an alcoholic drink only on special occasions such as wedding banquets or family reunions were considered social drinkers. Tumour staging and treatment planning were carried out after discussions between the patient and physician, and also by the consensus of a multidisciplinary team, in accordance with the guidelines of the American Joint Committee on Cancer (7th edition) 13 . All operations were performed by a single surgeon, and genomic assessment was accomplished blindly by laboratory staff. During follow-up, patients were assessed for any evidence of locoregional recurrence and distant metastasis by physical examination, histological evaluation and imaging studies.
Peripheral blood was drawn before surgery, and stored in an EDTA-treated tube. Following centrifugation at 1000g for 15 min, the plasma layer was transferred to a 1⋅5-ml microtube. The mononuclear cell layer was transferred to a clean 50-ml centrifuge tube, washed twice with a balanced buffer solution, and centrifuged at 150g for 10 min. The samples were stored at -30 ∘ C until needed. Both histologically confirmed OCSCC and corresponding normal mucosal tissues from the opposite site of the oral cavity were acquired from all patients during surgical procedures. Specimens from the edges of the surgical defect were collected after resection of the index tumour ( Fig. 1) and were split equally into two parts. Half of the margins, including mucosa and deep tissues, were sent for frozen-section examination and the other half immediately stored in liquid nitrogen. Total DNA was extracted using a QIAamp ® DNA Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. The final DNA was dissolved in double-distilled water and frozen at -30 ∘ C until further processing. Patients with surgical margins of less than 5 mm during the final pathological examination were excluded from the final analysis.
Six dinucleotide microsatellite markers were chosen for investigation of microsatellite alteration. D9S1748, THRB and D3S1300 were selected based on the results of a literature search 14 -16 , whereas IFNA.PCR2, D2S206 and D21S236 were selected based on the results of the authors' previous research ( Table 1) . A multiplex PCR was carried out with the use of fluorescence-labelled primers. The amplified PCR products were examined bp, base pair. using capillary array electrophoresis and GeneScan ® software (Applied Biosystems, Foster City, California, USA). All the PCR products were purified and sequenced with an ABI BigDye ® Terminator (version 3.1) cycle sequencing ready reaction kit and an ABI PRISM ® 3100 sequencer (Applied Biosystems). The presence of a novel fragment size of DNA from a tumour specimen that was not seen in the DNA of leucocytes from peripheral blood was regarded as MSI (Fig. 2) . Additionally, the ratio of both microsatellite alleles (allele 2/allele 1) in the DNA from peripheral blood leucocytes was divided by the corresponding ratio found in the DNA of the tumour specimen, thus providing the tumour imbalance factor 15 . A value of less than 0⋅67 or more than 1⋅50 was categorized as LOH. At least three independent experiments were completed to confirm the final results.
Statistical analysis
Continuous variables were compared using the Student's t test, whereas nominal or ordinal variables were examined by use of the χ 2 test or Fisher's exact test. A backward 12.1 (IBM, Armonk, New York, USA), and P < 0⋅050 was considered statistically significant.
Results
A total of 168 patients with newly diagnosed oral cavity cancer were scheduled to undergo surgical excision during the study period. Two patients (1⋅2 per cent) hesitated to undergo surgery and two (1⋅2 per cent) had a histological type other than SCC. In addition, three patients (1⋅8 per cent) were lost to follow-up, whereas 16 patients (9⋅5 per cent) had inadequate margins (less than 5 mm) in the formal pathological report. These patients were excluded from the final analysis, resulting in adequate data being obtained for 145 patients (86⋅3 per cent). Demographic, clinical and pathological data are summarized in Tables 2 and 3. The majority of the patients were men (132, 91⋅0 per cent) and the mean(s.d.) age at diagnosis was 52⋅9(11⋅1) years. Most of the primary tumours were located in the tongue (61, 42⋅1 per cent), followed by the buccal mucosa (50, 34⋅5 per cent) and the gum (11, 7⋅6 per cent). In terms of lifestyle habits, 77⋅2 per cent of the patients smoked regularly, 69⋅7 per cent consumed alcoholic beverages and 71⋅0 per cent habitually chewed betel quid.
Most of the patients had stage IV disease (57, 39⋅3 per cent), followed by stage I (45, 31⋅0 per cent), stage II (24, 16⋅6 per cent) and stage III (19, 13⋅1 per cent). Perineural invasion was found in 39 patients (26⋅9 per cent), whereas lymphovascular invasion and extracapsular spread were identified in 34 (23⋅4 per cent) and 16 (11⋅0 per cent) respectively.
Microsatellite alteration was identified in 100 specimens (69⋅0 per cent) from 145 patients. Fifty-five patients (37⋅9 per cent) had MSI for one or more markers in the tumour specimen, whereas 85 (58⋅6 per cent) had LOH for one or more markers in cancerous tissues. The most common marker for MSI was D21S236 (21, 38 per cent). The majority of MSI was found in a single marker (41, 75 per cent). Most of the LOH was identified in IFNA.PCR2 (50, 59 per cent).
A total of 67 patients completed postoperative radiotherapy. The mean(s.d.) duration of follow-up was 27⋅5(16⋅3) months. During this interval, local recurrence was found in 42 patients (29⋅0 per cent), and distant metastasis was identified in seven (4⋅8 per cent). Twenty-nine patients (20⋅0 per cent) died, and 93 (64⋅1 per cent) remained alive without evidence of disease.
A stepwise backward logistic regression model was used to investigate the factors related to local recurrence. Late pathological stage (odds ratio (OR) 2⋅58, 95 per cent c.i. No MSI in surgical margins n = 14 Recurrence n = 4 (29%) Fig. 3 Proportion of patients with local recurrence stratified by microsatellite instability (MSI) status of the tumour and surgical margins. OCSCC, oral cavity squamous cell carcinoma 1⋅07 to 6⋅22; P = 0⋅035) and MSI (OR 3⋅80, 1⋅64 to 8⋅78; P = 0⋅002) were identified as independent factors associated with local recurrence after comprehensive treatment ( Table 4) . In total, 651 surgical margins were collected from 145 patients, a mean of 4⋅49 per person. Fifty-five margins (8⋅4 per cent) had MSI in at least one marker, whereas 98 (15⋅1 per cent) had LOH in at least one marker. In 42 patients with local recurrence, 48 margins were adjacent to the site of the recurrent tumour. Those with MSI in the surgical margins displayed a higher rate of local recurrence than those without: 18 of 55 (33 per cent) versus 30 of 596 (5⋅0 per cent) respectively (P < 0⋅001). Patients with LOH in the surgical margin also experienced a higher rate of local recurrence than those without: 13 of 98 (13 per cent) versus 35 of 553 (6⋅3 per cent) respectively (P = 0⋅027). In the logistic regression model, patients with MSI in the surgical margin had a higher probability of local recurrence than those without after adjusting for other factors (OR 7⋅17, 95 per cent c.i. 3⋅49 to 14⋅73) ( Table 5) . Proportions of patients with local recurrence in relation to MSI in the specimen and surgical margin are summarized in Fig. 3 .
Discussion
Adequate surgical margins are hard to define owing to the complex anatomical structure of different types of cancer 17 . It is especially challenging to determine adequate resection margins accurately because of the diverse patterns of tumour growth and biological tumour behaviour. Numerous technical aspects related to the evaluation of pathological tumour margins, such as sampling errors, tissue shrinkage during processing, orientation of specimens, and communication between the surgeon and pathologist, play an important role in predicting adequate surgical margins 18 . Possible factors associated with local recurrence in patients with free surgical margins include microscopic residual cells, immune system failure, circulating tumour cell implantation and field cancerization 18 . Microsatellite alteration was identified in histologically clean surgical margins in the present study. The existence of MSI in the tumour tissues and/or surgical margins was associated with local recurrence.
MSI has been reported to be correlated with dysfunction of the mismatch repair (MMR) system, which repairs DNA replication errors. Dysfunction of the MMR system may lead to carcinogenesis owing to accumulative mutations in pivotal genes 19 . In Taiwan, OCSCC has been closely correlated with the use of betel quid, which is classified by the International Agency for Research on Cancer as a group 1 human carcinogen 20 . It is interesting to note that in the present study the mean amount of betel quid consumed was significantly higher in patients with MSI than among patients without MSI. In a study of genomic instability, Zienolddiny and colleagues 21 found that patients with genomic alteration in tumour DNA had a twofold higher consumption level of betel quid than those without any alteration. A previous study 10 indicated that precursor lesions exhibiting MSI are more likely to progress to head and neck SCC. Taken together, this could explain why MSI in the surgical margin had a sevenfold increased risk of local recurrence compared with absence of MSI in the present study.
Promotor hypermethylation of the p16 gene in the surgical margin has been reported to be related to local recurrence of tongue cancer 9 . In a study of tumour-related gene hypermethylation in cancer-free surgical margins of oral SCC, Supic and co-workers 22 observed a strong tendency towards an association between local recurrence and DAPK (death-associated protein kinase) gene hypermethylation detected in surgical margins (P = 0⋅055). In addition, the existence of DAPK promotor hypermethylation in surgical margins was linked to a decreased overall survival rate.
Other molecular analyses of surgical margins have included P53 mutation, DNA ploidy, telomerase activity levels and interphase fluorescence in situ hybridization. Such investigations are still in the learning phase as most markers have not been validated using independent sets of patients with cancer 23 . The presence of eukaryotic protein synthesis initiation factor (eIF4E) in histological cancer-free margins has been identified as an independent prognostic factor for recurrence in patients with head and neck cancer 24 . However, overexpression of eIF4E was not specific for cancer cells as some non-atypical cells in resected specimens also carried a positive stain 25 . Surface-enhanced Raman scattering (SERS) nanoparticles have been proposed as a means of detecting residual tumours in freshly excised surgical margins. However, the cauterization of tissues may denature the cell-surface proteins targeted by SERS nanoparticles, and compromise the results 1 . A previous study 2 used mass spectrometry to assess the surgical margins of patients with pancreatic cancer. The limitations of this technique include the cost and maintenance of the device as well as the need to provide staff with special training 2 .
There were some limitations to the present study. Not all patients had microsatellite alteration in specimens, which limits the use of this marker to tumours with such abnormalities. The external validity of the findings is limited as the study was conducted at a single hospital. Although the selection of microsatellite markers was based on both a literature search and previous laboratory experience, other markers may yield different results. Data on human papilloma virus infection status, an important prognostic factor for oral cancer, were not recorded. Finally, the duration of follow-up was too limited to determine the overall local recurrence status of OCSCC over time, but the results after longer follow-up are unlikely to be very different.
